. The asymmetric unit contains two crystallographically independent cages of 2,5-diazabicyclo[2.2.1]heptane. Each cage is protonated at the two nitrogen sites. The overall charge balance is maintained by four crystallographically independent bromide ions. In the crystal, the components of the structure are linked via a complex three-dimensional network of N-HÁ Á ÁBr hydrogen bonds.
Chemical context
Derivatives of the bicyclic nucleus of 2,5-diazabicyclo[2.2.1]-heptane comprise a wide family of biochemically active compounds (Murineddu et al., 2012) , including antibiotics (McGuirk et al., 1992; Remuzon et al., 1993) , vasodilating (Ló pez-Ortiz et al., 2014) and antitumor agents (Hamblett et al., 2007; Shchekotikhin et al., 2014; Gerstenberger et al., 2016; Laskar et al., 2017) . A broad range of these compounds have been found to exhibit potency as nicotinic acetylcholine receptor ligands (Toma et al., 2002; Artali et al., 2005; Bunnelle et al., 2007; Anderson et al., 2008; Li et al., 2010; Beinat et al., 2015; Bertrand et al., 2015) . As a result of the occurrence of two chiral centers, 2,5-diazabicyclo[2.2.1]heptanes are utilized as chiral scaffolds in asymmetric catalysis (Jordis et al., 1999; Gonzá lez-Olvera et al., 2008; Castillo et al., 2013; Díaz-deVillegas et al., 2014; Avila-Ortiz et al., 2015) . The diamine system of 2,5-diazabicyclo[2.2.1]heptane is traditionally included in screening libraries as a rigid counterpart of the flexible piperazine ring (Siebeneicher et al., 2016; Dam et al., 2016; Cernak et al., 2017; Llona-Minguez et al., 2017; Wei et al., 2017) . As a consequence, numerous synthetic routes for the preparation of 2,5-diazabicyclo[2.2.1]heptane derivatives have been introduced (see: Portoghese & Mikhail, 1966; Jordis et al., 1990; Yakovlev et al., 2000; Fiorelli et al., 2005; Beinat et al., 2013; Cui et al., 2015; Choi et al., 2016 and the references cited therein). At the same time, the reported structural data on 2,5-diazabicyclo[2.2.1]heptane derivatives are surprisingly scarce (see the Database survey). Moreover, the parent ring of unsubstituted 2,5-diazabicyclo[2.2.1]heptane has not been structurally characterized. In the framework of current research on caged heterocyclic systems (Britvin & Lotnyk, ISSN 2056-9890 2015; Britvin et al., 2016; 2017a,b; , we herein describe the molecular structure of 2,5-diazabicyclo[2.2.1]heptane ( Fig. 1) 
Structural commentary
The asymmetric unit of 1 contains two structurally independent cages of 2,5-diazabicyclo[2.2.1]heptane (Fig. 2) . The molecular geometries of the cages are statistically different: the biggest discrepancy, 0.044 Å , is observed for N2Á Á ÁN5 [2.868 (3) Å ] and N2AÁ Á ÁN5A [2.912 (3) Å ], whereas the distances between the bridgehead C atoms C1Á Á ÁC4 [2.220 (4) Å ] and C1AÁ Á ÁC4A [2.226 (4) Å ] are statistically the same (see the Supporting information). Therefore, in spite of bridge-imparted rigidity, the hexagonal ring of 2,5-diazabicyclo[2.2.1]heptane can be affected by some geometric distortions. The framework of 2,5-diazabicyclo[2.2.1]heptane is frequently considered to be the bicyclic counterpart of piperazine where the occurrence of the C1-C7-C4 bridge imparts rigidity to the hexagonal ring (Kiely et al., 1991; Beinat et al., 2013; . It is worth noting that the bicyclic bridged structure of 2,5-diazabicyclo[2.2.1]heptane determines the boat conformation of its cage (Fig. 1) . Contrary to that, the piperazine ring is flexible and can adopt four different conformations: chair, boat, twist-boat and half-boat, the former being the energetically most favourable (SenGupta et al., 2014) . A comparison of the hexagonal rings of 2,5-diazabicyclo[2.2.1]heptane and the chair conformer of piperazine (Fig. 2) shows that the interatomic distances between the opposing nitrogen atoms are remarkably close. The latter feature can be important because the nitrogen sites are known to be pharmacophores frequently determining the biochemical activity of piperazine derivatives (Patel & Park, 2013) . Therefore, the implication of the 2,5-diazabicyclo[2.2.1]-heptane scaffold as a piperazine analogue in screening libraries looks quite reasonable from the structural point of view.
Supramolecular features
In the crystal structure of 1, the protonated nitrogen sites in the two symmetrically non-equivalent 2,5-diazabicyclo[2.2.1]-heptane cages are counter balanced by the four structurally independent bromide ions. This results in the emergence of a complicated network of hydrogen bonds (Fig. 3) . Hydrogenbonded amine molecules are arranged into infinite slabs parallel to (100). The slabs are linked by N-HÁ Á ÁBr hydrogen bonds into a three-dimensional network. The full listing of N-HÁ Á ÁBr bonds is given in Table 1 . This three-dimensional net of hydrogen bonds is much more complex than the flat 'zigzag' hydrogen bonding occurring in the geometrically similar cage of 7-azabicyclo[2.2.1]heptane (7-azanorbornane) . (Bujak, 2015) . The atomic numbering schemes are given in IUPAC notation. Symmetrically equivalent atoms in the piperazine ring are noted in parentheses. Displacement ellipsoids are drawn at the 30% probability level. Hydrogen atoms, bromide counter-ions and water molecules have been omitted for clarity. Table 1 Hydrogen-bond geometry (Å , ). 
Database survey
Figure 1
Two views of the diprotonated 2,5-diazabicyclo[2.2.1]heptane parent ring in 1 (in one of the two independent molecules in the asymmetric unit). The atomic numbering scheme is according to IUPAC notation. Displacement ellipsoids are drawn at the 30% probability level. Hydrogen atoms are depicted as fixed-size spheres of arbitrary radius.
The bromide counter-ions have been omitted for clarity. Groom et al., 2016 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Hydrogen atoms at nitrogen sites (i.e. those involved in hydrogen bonding) were freely refined whereas hydrogen atoms at all carbon centers were treated with fixed U iso (H) = 1.2U eq (C) and riding coordinates (C-H = 0.97-0.98 Å ). 
Computing details
Data collection: APEX2 (Bruker, 2015 ); cell refinement: SAINT (Bruker, 2015) ; program(s) used to solve structure:
SHELXT (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics:
Mercury (Macrae et al., 2008) and OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication:
publCIF (Westrip, 2010) . 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x+1, y−1/2, −z+3/2; (ii) −x+1, y+1/2, −z+3/2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

